Longitudinal power systems of Nigerian 330 kV transmission network have steady-state problems of congestion, voltage limit violation and high active power loss. Static Synchronous Series Compensator (SSSC) currently in use for solving problems in mesh power systems has not been applied to Nigerian 330 kV power network. This work involves the use of SSSC for solving problems associated with Nigerian 330 kV longitudinal power network using voltage magnitude as performance metrics. Steady state modeling of power system and SSSC modeling produced two sets of non-linear algebraic equations that were solved simultaneously using Newton-Raphson algorithm (NR) method and was implemented using MATLAB. Results of power flow analysis of Nigerian 330 kV transmission network without SSSC showed that, there was voltage limit violation of ±10% at bus 16 Gombe (0.8973p.u). However, the results with incorporation of SSSC showed that, the SSSC was effective in eliminating voltage limit violation, control bus voltage magnitude to specified value (bus 14 from 0.9462p.u. to 1.00p.u.) and reduced network active power loss by more than 5% of base case (93.87 MW). Therefore, SSSC is effective in solving steady-state problems of longitudinal power systems.
INTRODUCTION
The economic development and social changes around the world are driven by availability of electricity. The supply of this electricity involves a large interconnection of generating sources and customer loads through a transmission system network that consists of transmission lines, transformers and other ancillary equipment [1, 2] . These transmission systems are either mesh or longitudinal in nature. The transmission facilities in power systems provide equal access for power evacuation to all participants at all times, ensure full capability and reliability at minimum technical loss and ensure equitable load allocation to consumers. The power transferred through a transmission network is a function of transmission line impedance. Low transmission line impedance enables larger power flow while high impedance limits the flow of electricity [3] . Longitudinal transimission systems such as Nigerian transmission system have high impedance and are characterised by various steady-state operational problems such as congestion, high transmission line losses, voltage limit violations, loss of system stability and inability to utilise transmission line capacity up to their thermal limits [4, 5] . These problems have been reduced by reinforcement of generating station and transmission line; building new power plants and transmission lines as well as using traditional electromechanical devices. However, long construction time, high cost of implementation and regulatory pressure hinder the reinforcement of transmission lines and generation stations while low speeds, mechanical wear and tear limit the use of electromechanical devices [6] . The use of Flexible Alternating Current Transmission System (FACTS) Controllers with fast responses and no major alterations to the system layout are increasingly replacing electromechanical devices. FACTS devices are power electronic devices or other static controllers incorporated in AC transmission systems to enhance controllability and increase power transfer capability [7] . SSSC is a FACTS controller that belongs to the Voltage Source Converter (VSC) series connected FACTS family. It opens up new opportunities to control the current and power flow over designated transmission lines in order to increase their deployment, increase usable transmission capacity of lines and reduce the need for construction of new transmission lines. It also provides dynamic reactive power support and improve voltage profile [8] . 1.1. Operating Principle of SSSC SSSC consists of a coupling transformer, an inverter and a capacitor in series with a transmission line through the coupling transformer as shown in Figure 1 [9] . In principle, SSSC can generate and insert a series voltage, which can be regulated to change the reactance of the transmission line in order to control the power flow of the transmission line or the voltage of the bus, to which SSSC is connected.
Nigerian 28-Bus 330kV Transmission System
The power stations in Nigeria are mainly hydro and thermal plants managed by Independent Power Project (IPP) and Generation Company (GENCO) private participating partners. The Nigerian national grid is an interconnection of 9,454.8km length of 330kV transmission lines with nine power stations as shown in Figure 2 . These generating stations are sometimes connected to load centres through very long, fragile and radial transmission lines, which are prone to frequent system collapse [10] . The grid interconnects these power stations with twenty eight buses and fifty two transmission lines of either dual or single circuit lines and has four control centres (one national control centre at Oshogbo and three supplementary control centres at Benin, Shiroro and Egbin [11] .
The maximum transmission capacity of Nigerian transmission system is about 4,000 MW and it is technically weak, therefore very sensitive to major disturbances. The challenge of this major disturbances have been in existence for a very long time with some identified problems such as its wheeling capacity that is far below the required national needs, the technologies used generally deliver very poor voltage stability and profiles. There is also regular vandalization of the lines, associated with low level of surveillance and security on all electrical infrastructures with inadequate required fund to regulate, update, modernize, maintain and expand the network, [5, 12] .
POWER FLOW PROBLEM FORMULATION AND EQUATIONS The
Power flow calculation is one of the most fundamental components in the analysis of power systems and is the cornerstone for almost other tool used in power systems simulation and management. Power flow problem involves solving a set of non-linear algebraic equations which represent the network under steady state conditions [14] . The power flow equation can be written in general form. (6) and (7) in Tayl r' er e ab ut the initial estimate and neglecting all higher order terms results in a set of linear equations [12] . These equations can be written in matrix form after linearization as 
It can be noted that equation (9) can be written as ( ) Where:
Where represents active power injection of the SSSC voltage source at node i. The other terms in equation (13) take account of the real power contribution at node i as passive two node components.
Bus Voltage Control
In this mode, the series injected voltage is regulated to maintain the transmission line voltage at the point of connection to specified value, i.e., where is the voltage rating of which may be constant, or may change slightly with changes in the DC bus voltage, depending on the inverter design. In principle, can be any real phase angle. The current through each series converter should be within its current rating:
Where is the maximum current rating of the series converter:
The modification of Newton-Raphson power flow algorithm with simultaneous solution of power flow constraints and power flow control constraints of the SSSC are expresssed by equation (19) Table  1 , shows the voltage limit violation at bus 16 (Gombe) while at buses 9 (Ayede), 13 (New-Haven), 14 (Onitsha), 19 (Jos) and 22 (Kano) the voltage magnitude are lower than 1.0 p.u but within acceptable limits of ±10% and the overall active power system loss is 93.87 MW. The results of test case 2 increased the voltage magnitude to 0.95 thereby eliminating voltage limits violation at bus 16 (Gombe) as shown in Figure 5 . In order to achieve this the SSSC injected a voltage magnitude and reactive power of 0.012p.u and 9.53 Mvar in the connecting bus 19 to bus 16. Also the total active power loss was reduced to 91.43MW.
Test case 3: Bus Voltage Control to Specified value
This is similar to test case 1 except that, the SSSC has been installed between buses 8 and 14 to control the bus voltage magnitude to a reference of
The installation of SSSC controller for test case 2 is for controlling voltage magnitude at bus 14 (Onitsha) to the specified value (1.00 p.u.) as shown in Figure 6 . In order to keep bus 14 (Onitsha) voltage magnitude at 1.0 p.u., the SSSC injected reactive power of 6.81 Mvar and the total active power loss was reduced to 91.44MW. Figure 7 . The results confirmed multi-control capability of SSSC controller. It further enhance the reduction of active power loss to 5.18% compared with earlier discussed in test cases 2 and 3 as shown in Figure 8 . The SSSC controller source voltages and injected reactive power are summarized in Table 2 . 
CONCLUSION
The various test cases were carried out on Nigerian 28-bus electrical power network without and with incorporation of SSSC controller. The incorporation of SSSC controller into Nigerian 330kV transmission network, to enhance voltage profile had significant control on Voltage magnitude at the bus directly connected to its terminals but has little effect or no effect on voltage magnitude of bus far away from it. The total active power loss of the system was reduced by more than 5.18% of the base case. In conclusion, the application of SSSC controller to Nigerian 330kV transmission network using NewtonRaphson power flow solution method was used to eliminate bus voltage limit violation and control of bus 
